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Abstract: The hospitality industry is an important energy consumer and carbon emitter. Behaviour-
driven energy conservation is a strategy with great promise to strengthen the energy efficiency of
hotel buildings. The aim of this study is to explore the driving psychological factors of hotel guests’
energy-saving intentions and behaviours. This paper constructs two extensions of the theory of
planned behaviour (TPB) with personal norms, past behaviours, and self-determined motivation
to explain the guests’ energy-saving behaviour in hotel buildings. This research compares the
explanatory power of the original TPB and two extensions with structural equation modelling.
The analysis is based on 530 valid, self-reported data from 827 surveyed hotel guests in Shanghai.
The analysis suggests that the extended model gains greater explanatory power in predicting the
behaviour patterns by employing the above three additional factors. In addition, self-determined
motivation presents a more significant impact than other more developed TPB predictors, such as
intention and perceived behaviour control. Aside from that, past behaviour replaces attitude as
the most critical predictor of hotel energy-saving intention in the extended models. In addition
to the existing interventions in office and residential buildings, the research highlights the role of
self-determination in hotel energy conservation and further emphasises the long-term benefit of
encouraging pro-environmental behaviours in hotel guests. The findings expand the existing research
on pro-environmental behaviours and will contribute to energy-saving behaviour intervention in
hotel buildings and policy formulations for sustainable hotel operation and maintenance.
Keywords: hotel energy conservation; TPB; personal norms; past behaviour; self-determination;
guest behaviour; pro-environmental behaviour
1. Introduction
The hospitality industry has been recognised as an important energy consumer [1].
Upadhyay and Vadam [2] reported that 60% of carbon emissions from the hospitality
industry come from energy consumption, which increased by 25–30% over the last few
decades. The excessive energy use burdens hotel operators with operating costs of an
additional 3–6% [2]. Governments have promoted policies to reduce the energy use and
environmental impacts of the hospitality industry [3]. However, the existing policies
aimed at improving hotels’ energy efficiency tend to operate by punishing their owners
rather than by modifying end users’ resource consumption, contributing to 75% of hotels’
environmental impacts [4]. Such approaches to regulation have increased the burden on
hotel operators but achieved little in energy conservation [4,5].
There are also some other strategies to support sustainable hotel building operation.
In addition to promoting eco-friendly energy systems and design (e.g., [6,7]), various em-
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pirical studies have examined behaviour-driven energy conservation in family (e.g., [8,9]),
office [10], and campus buildings [11] and reported that interventions, such as normative
setting and energy-saving tips, can reduce building energy demand by 10–25% [12,13].
As guests tend to consume even more energy in hotels than at home [14], promoting
conservation behaviours among hotel guests could be another promising energy-saving
and carbon-reduction strategy in the hospitality industry. According to Liu et al. [8] and
Lopes et al. [15], behaviour-driven energy conservation strategies presented remarkable
feasibility in the previous studies. Particularly, these energy-saving strategies show two ob-
vious advantages for the hospitality industry: (1) they require less capital investment, and
(2) they can achieve energy-saving goals relatively quickly. However, there is a critical lack
of a systematic understanding of the behavioural factors as energy efficiency promoters [16]
and the potential leverage of policies [15].
Some previous studies have looked at hotel guests’ waste reduction and water con-
servation behaviours [17–19]. For example, Han et al. (2020) explored the influence of
normative, affective, and habitual factors on guests’ water conservation and towel reuse
intentions, and another study revealed the impact of environmental awareness on young
vacationers’ recycling and conservation intentions [19]. These studies have significant
contributions to both promoting sustainable behaviour (e.g., [20]) and building and urban
energy performance modelling (e.g., [21,22]). However, the psychological mechanisms
behind hotel guests’ energy conservation behaviour remain underexplored. An in-depth
understanding of guests’ energy conservation behavioural processes could therefore boost
the development of effective interventions.
To bridge these gaps, this study aims to explain hotel guests’ energy conservation
behaviours from a psychological perspective. The researchers surveyed 827 hotel guests in
Shanghai and invited the respondents to report their psychological information and four
typical hotel energy conservation behaviours during their stays. The study first reviews
the existing literature on the green hotel visiting and pro-environmental behaviours of
hotel guests. Next, this research employs the theory of planned behaviour (TPB) and
two extended models as the theoretical frameworks and conducts structural equation
modelling analysis to gauge how psychological factors impacted energy conservation
intentions and behaviours. The Section 3 then discusses the data collection and analysis
method. The Section 4 presents the data analysis results in detail. This study is expected to
shed new light on understanding the critical psychological factors of hotel guests on their
energy-saving behaviours and inform the design of psychological interventions for hotel
guests for sustainable hospitality sector development.
2. Literature Review
2.1. Green Hotels and Guest Behaviours
Over the past decade, the hotel industry has paid increasing attention to environmental
responsibility and sustainability. In addition to promoting eco-friendly construction and
high-efficiency building services, some studies have advanced the concept of green hotels
and sustainable hotels [23]. As well as attaching great importance to environmental
responsibility in a general sense [24], green hotel operation strategies encourage hotels to
reduce unnecessary services through more environmentally friendly room and catering
management [25]. This operating mode can also potentially boost profits, not only by
reducing operating costs, but also by attracting guests who value environmental protection.
Some scholars have explored the behavioural dimensions of visiting green and sustain-
able hotels. For example, an empirical study employing self-reported data from the United
States sought to explain sustainable hotel visiting intention using the theory of reasoned
action (TRA) and TPB (for details, see Section 2.2) [26]. Similarly, Rahman and Reynolds
(2019) investigated the effect of environmental value on sustainable hotel visiting intention
and guests’ willingness to make sacrifices when staying in such hotels. In addition, some
studies have analysed the characteristics of guests visiting green hotels. For example, em-
pirical evidence found that business and leisure travellers held different attitudes towards
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green hotel visiting [27], and a few studies have proposed and implemented behavioural
interventions to promote green hotel visiting [28]. However, the operation of green hotels
also faces challenges. Barber [29] examined individual preferences about hotel offerings of
products and services and found that less than a quarter of green hotel guests were willing
to accept reduced services.
Some researchers argued that hotels should encourage guests to actively reduce
their wasteful behaviour rather than passively endure reduced levels of service [18,19,30].
Based on the above research, the conservation behaviours of hotel guests can be usefully
subdivided into energy conservation, water conservation, and the reduction of unnecessary
hotel services, and some studies have provided psychological explanations of the latter
two behavioural categories. Untaru et al. [17], for instance, developed an extended TRA
to explain hotel guests’ water conservation behaviour, while Han et al. [18] highlighted
the contributions of environmental value, concerns, and awareness to two hotel guests’
pro-environmental behaviours. Additionally, a few studies have developed psychological
interventions to promote towel reuse behaviour. Reese et al. [31] observed that social
normative information significantly enhanced towel reuse during 132 visits to 2 hotels,
and Gössling et al.’s large field experiment in Spain established that normative messages
increased towel reuse by 6.8% and bed linen reuse by 1.2% [32].
Behaviour-based hotel energy conservation shows strong potential in the hospitality
industry. Ayoub et al. [33] analysed a hotel case in Qatar and found that the energy con-
sumption could be cut down by 2.74–15.80% through energy-saving behaviour promotion,
while the energy-saving potential of envelope redesign was only 7.50%. An empirical
study in China also reported that by adjusting guests’ usage of air conditioning, hotels
in the Yangtze River region in China could save up to 20% on energy consumption [34].
The above studies divided the hotel energy-saving behaviours into four categories: (1) sus-
tainable use of air conditioning; (2) sustainable use of other hotel appliances; (3) hot water
conservation; and (4) persuading others to save energy. Although the above studies thor-
oughly discussed sustainable behaviours in hotels, there is a critical lack of a systematic
understanding of energy-saving behaviours of the guests in hotels. As a result, industry
and research community interest in behaviour-driven hotel energy-saving approaches has
thus far been minimal.
2.2. Theory of Planned Behaviour and Its Extension
Over the past half-century, several psychological models for explaining individual
behaviours have been proposed. In the case of voluntary behaviours, Ajzen and Fish-
bein [35] developed and elaborated the TRA, which assumes that people’s decision-making
processes are based on rationality and can yield reasonable choices, but a variety of factors
may affect behaviour indirectly via behavioural intentions [36]. Ajzen subsequently pro-
posed the TPB [37], an extension of the TRA aimed at a more extensive explanation and
better prediction of both voluntary and involuntary behaviours. The TPB employs three
psychological variables to explain behavioural intentions: attitude, subjective norms, and
perceived behavioural control (PBC). According to Ajzen [38], attitude describes a person’s
general evaluation of a specific behaviour; subjective norms reflect his or her perceptions
of the feelings of others about that behaviour, which often have a major influence on
individual decision making; and PBC is the individual’s perception of how easy or hard
it would be to engage in the behaviour. In addition to intention, PBC is another factor
potentially related to behaviour and decision.
According to Han and Yoon [39,40], the TPB remains one of the most influential
behaviour frameworks in the field of environmental psychology. Previous studies have
employed it to explain common green behaviours, including but not limited to recy-
cling (e.g., [41,42]), using public transportation (e.g., [43]), consumption of organic food
(e.g., [44]), sustainable consumption and investment (e.g., [45]), and household energy con-
servation (e.g., [8,46]). Some scholars have used the TPB for predicting pro-environmental
behaviours in the specific sphere of hotel management, whether for employees (e.g., [47]) or
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guests (e.g., [18,48,49]). Others (e.g., [50,51]) have used the TPB to predict consumers’ green
hotel visiting intentions. Some studies, however, found that the TPB’s variables do not
contribute significantly to certain pro-environmental behaviours, such as Hameed et al. [52],
who found a non-significant correlation between the attitude towards green products and
eco-conscious behaviour. Similarly, Ateş [53] reported that subjective norms could not
predict pro-sustainability behaviour, and Liu et al. [8] discovered that the relevance be-
tween subjective norms and household energy-saving behaviour was non-significant. After
considering the above literature comprehensively, this study puts forward the following
four hypotheses in the first theoretical model:
Hypothesis 1 (H1). Attitude is positively correlated with hotel energy-saving intention.
Hypothesis 2 (H2). Subjective norms are positively correlated with hotel energy-saving intention.
Hypothesis 3 (H3). Perceived behavioural control is positively correlated with hotel energy-
saving intention.
Hypothesis 4 (H4). Perceived behavioural control is positively correlated with hotel energy-
saving behaviours.
Hypothesis 5 (H5). Intention is positively correlated with hotel energy-saving behaviours.
The TPB can be extended or otherwise modified for use in various contexts [54]. Par-
ticularly, many studies have added moral-normative factors to it as a means of boosting its
explanatory power (e.g., [50,55]). Klöckner [56] provides a widely accepted definition of
moral norms: “The reflection of a personal value system in a given situation (p. 1030).” Un-
like subjective norms, moral norms (also called personal norms) emphasise the behavioural
effects of personal, internalised emotions. The evidence thus far suggests that moral norms
can significantly influence people’s intentions to engage in green behaviours. For example,
Gao et al. [57] found that the strength of their participants’ ethics was positively and
significantly correlated with their household energy conservation intentions. Through case
studies in Taiwan and India, Chen and Tung [50] and Verma and Chandra [51] all demon-
strated the critical role of moral norms in decision making for patronizing green hotels.
Past behaviour is another critical factor potentially contributing to the socio-psychological
theorical framework [58,59]. Past behaviour refers to the “studied behaviour that the
participants had performed in the past” [60]. There are several studies that posited and
empirically tested the vital role of past behaviour in individuals’ pro-environmental de-
cision formation (e.g., [61–63]). In the hospitality industry, Han et al. ([26,58]) provided
empirical evidence showing the significant correlation between past behaviour and green
hotel visiting intention and bicycle touring. Aside from that, Hu et al. [64] also evidenced
the significant impact of past behaviour on zero-litter initiatives in tourism areas. The meta-
analysis results of Kunssen et al. [65] suggest that integrating the factor of past behaviour
can greatly improve the capability and effectiveness of models predicting and explaining
decision making or behavioural processes.
Therefore, the discussion above then leads to two more hypotheses in extended model
I (see Figure 1):
Hypothesis 6 (H6). Personal norms are positively correlated with hotel energy-saving intention.
Hypothesis 7 (H7). Past behaviour is positively correlated with hotel energy-saving intention.
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Figure 1. The employed theoretical model and hypotheses in extended model I.
In addition to moral norms and past behaviour, much empirical research suggested
self-determined motivation as another potential predictor (e.g., [14,66,67]). Self-determined
motivation is an item from the self-determination theory (SDT) and the model of goal-
directed behaviour [68]. This item covers these internal driving sources of motivation,
such as a need to gain skill, knowledge, and independence [69]. Some recent works
have observed the significant roles of self-determined motivation in pro-environmental
behaviours (e.g., [70,71]). Several studies that connect the self-determined motivation
factor to the conventional TPB model (or xtended models) have a vocated the synthes s of
self-determi ation (e.g., [67,72,73]), which is also supported by H gger et al.’s r view con-
necting the TPB and SDT 74]. Aside from t at, further substantial evidence supporting that
self-determination can influence both intentions (e.g., [67,75]) and choices or behaviours
(e.g., [76]). Miao et al. [14] especially examined the impact of self-determination motivation
on several pro-environmental behaviours of hotel guests. Considering the above evidence,
this research puts forward two more hypotheses in extended model II (see Figure 2):
Hypothesis 8 (H8). Self-determined motivation is positively correlated with hotel energy-
saving intention.
Hypothesis 9 (H9). Self-determined motivation is positively correlated with the energy-saving
behaviours of hotel guests.
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3. Methodology
3.1. The Procedure and the Measures
This research employed a questionnaire-based survey to collect self-reported data
from hotel guests. The questionnaire is one of most commonly used methods in pro-
environmental behaviour research (e.g., [46,57,77]), which makes it more efficient and
more clearly tailored to understanding the characteristics of the target groups than other
approaches, such as focus group interviews and government statistics. The researchers
convened a three-round pilot study with purposely selected participants. The researchers
invited the pilot study participants to provide their feedback via face-to-face discussion, and
the researchers then revised the wording, level of detail, and order of some questionnaire
items based on those participants’ suggestions. Before distributing the questionnaire on a
large scale, the researchers conducted a second and third pilot with sample sizes of 30 and
63 guests, respectively, and made further small adjustments to the instrument based on
the additional feedback they received. After three rounds of a pilot study, the researchers
conducted the questionnaire survey in Shanghai, a representative of the rapidly developing
mega cities of Mainland China. In the end, the researchers received 827 completed and
partially completed questionnaires, including 530 deemed to have valid data.
The questionnaire had three sections on the respondents’ psychological characteris-
tics, energy-saving behaviour evaluation, as well as sociodemographic information. The
Section 1 comprised 21 items adapted from previous studies, including [18,26,46,78], cov-
ering the psychological variables of the extended TPB in 6 dimensions: attitude, subjective
norms, PBC, moral norms, past behaviour, and intention. The Section 2 evaluated the
self-reported performance of guests’ four typical energy-saving behaviours in hotels. In
both of these sections, all the items were responded to with the same 5-point Likert scale,
ranging from 1 (completely disagree) to 5 (completely agree). Lastly, the Section 4 of the
questionnaire focused on demographic information, including gender, age, education, and
income. The items in Sections 1 and 2 are presented in Table 1.
Table 1. Questionnaire design of Sections 1 and 2.
Construct Code Item
Attitude
ATT-1 I think that conserving energy when staying in hotels is useful for protecting theenvironment
ATT-2 I think energy conservation behaviours in hotels are wise.
ATT-3 I think energy conservation behaviours in hotels are valuable for alleviating energyshortages.
Subjective Norms
SJN-1 I think my family members want me to save energy in hotels.
SJN-2 I think my boss and colleagues want me to save energy in hotels.
SJN-3 I think that people who are important to me want me to save energy in hotels
Perceived Behaviour
Control
PBC-1 It is difficult for me to engage in energy conservation behaviours in hotels.
PBC-2 Whether to engage in energy conservation behaviours in hotels is entirely up to me.
Personal Moral Norms
PMN-1 Saving energy when in hotels is a moral imperative for me.
PMN-2 Guilty feeling will appear if I did not save energy when in hotels.
PMN-3 My ethics do not allow me to waste energy when in hotels.
Past Behaviour
PBH-1 I did energy saving behaviours when I visited hotels in the last year.
PBH-2 I made efforts to save energy when I visited hotels in the last year.
PBH-3 My efforts to save energy in hotels has increased in the last year.
Intention
INT-1 I am willing to save energy in hotels.
INT-2 I am willing to make efforts to save energy in hotels.
INT-3 I am willing to abide by the energy-saving guidelines of the hotels that I am staying in.





SDM-1 I will feel pleased if I can contribute to the environment.
SDM-2 I will gain recognition from others by performing energy-saving behaviours in hotels.
SDM-3 Doing energy-saving behaviour in hotels is an integrate part of my life.
SDM-4 I will feel guilty if I do not do energy-saving behaviour in hotels.
SDM-5 I fulfil energy-saving behaviour to avoid be criticised by the public.
Behaviour
HEB-1 I performed well in sustainable A/C use behaviour during this hotel stay.
HEB-2 I performed well in sustainable appliance and lighting use during this hotel stay.
HEB-3 I performed well in hot water conservation during this hotel stay.
HEB-4 I performed well in persuading and encouraging others’ energy conservation duringthis hotel stay.
In practice, participants completed an online survey for a small financial incentive (in
the form of a hotel breakfast or voucher). The survey had a time limit of 30 min, and the
screen displayed only one question on the screen at a time. The introduction of each section
presented a sentence “There is no preferred answer, only your opinion matters” to reduce
the potential social desirability bias. Before the start of the survey, the system presented an
explanation of the research aim with an e-letter at the beginning of the questionnaire and
confirmed their confidential and voluntary participation.
3.2. Data Analysis
This research employed structural equation modelling (SEM) to exam the path coeffi-
cient between the factors. SEM has been widely employed in pro-environmental behaviour
research, such as that on household energy conservation [46], smartphone recycling [77],
sustainable tourism [79], and green hotel visiting [26]. In this study, we employed par-
tial least squares SEM (PLS-SEM) instead of co-variance-based SEM (CB-SEM). In this
study, the researchers adopted PLS-SEM for its suitability in explorative research and the
targets’ prediction and significant flexibility in handling a relatively small sample size in
questionnaire-based surveys [80]. This study followed the instructions of Anderson and
Gerbing [81] to conduct a two-step analytical procedure (i.e., measurement modelling and
structural modelling). SmartPLS 3.0 was employed as the tool in this process.
4. Results
This section reports the respondent profile and the SEM analysis results. The presenta-
tion of the SEM analysis results took place in two stages: (1) measurement modelling and
(2) structural modelling.
4.1. Respondent Profile
This research collected 530 valid responses, and Figure 3a,b illustrates the sociodemo-
graphic information of the respondents who provided valid responses.
Figure 3 presents the demographic characteristics of the 530 questionnaire respon-
dents. The gender ratio of the respondents was basically in line with the local demographic
characteristics; female and male respondents accounted for 42.26% and 57.74% of the total,
respectively. Aside from that, the age distribution of the respondents also followed the
characteristics of the local hotel guests, where customers under the age of 40 made up the
majority. It is worth noting that most of the respondents had received a college degree,
diploma training, or more, which was higher than the local demographic statistics. In
addition, 31.51% of the respondents’ income levels ranged from RMB 100,000 (approxi-
mately USD 14,285) to RMB 150,000 (approximately USD 21,428), and 25.09% were below
RMB 100,000.
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4.2. Measurement Modelling Evaluation
This research conducted analysis by employing SmartPLS 3.0. Measurement mod-
elling was conducted to determine whether the measurement items and structures satisfied
the degree of reliability and validity. This study’s measurement modelling was divided
into the following procedures: (1) a convergent validity (CV) test and (2) a discriminant
validity (DV) test. The PLS algorithm method was used to evaluate the internal reliability
and consistency of the test items. It had four common criteria: (1) that the factor loadin
of each item should be greater than 0.5; (2) that the Cronbach’s alpha coefficients of each
construct should be reported to be 0.5 or above [82]; (3) that the composite reliability
of each construct should be larger than 0.7; and (4) that the average variance extracted
(AVE) of each construct should be larger than 0.5. Table 2 presents the CV test results
and demonstrates that all the constructs in the questionnaire satisfied the CV standard
of statistics.
The Heterotrait-Monotrait (HTMT) ratio for DV assessment is also examined in Table 3.
The HTMT criterion should be below 0.9 to achieve discriminant validity. The HTMT ratio
results in the table suggest th t the measurements satisfied the statistical requirements.
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Table 2. Convergent validity results of the three models.
Construct No. of
Items













ATT 3 0.774–0.803 0.694 0.830 0.620
0.774–
0.803 0.694 0.830 0.620
0.774–
0.803 0.694 0.830 0.620
SJN 3 0.769–0.865 0.763 0.861 0.674
0.769–
0.865 0.763 0.861 0.674
0.769–
0.865 0.763 0.861 0.674
PBC 2 0.748–0.821 0.739 0.762 0.616
0.748–
0.821 0.739 0.762 0.616
0.645–
0.823 0.739 0.762 0.616
PMN 3 0.693–0.827 0.627 0.801 0.574
0.693–
0.827 0.627 0.801 0.574
PBH 3 0.636–0.799 0.566 0.776 0.538
0.636–
0.799 0.566 0.776 0.538
SDM 5 0.567–0.758 0.705 0.803 0.542
INT 3 0.735–0.845 0.733 0.848 0.652
0.743–
0.840 0.733 0.849 0.652
0.743–
0.839 0.733 0.849 0.652
HEB 4 0.524–0.722 0.526 0.732 0.509
0.524–
0.722 0.526 0.732 0.509
0.557–
0.675 0.526 0.736 0.512
Table 3. Discriminant validity results.




PMN 0.609 0.835 0.592
INT 0.752 0.507 0.532 0.701
PBH 0.557 0.310 0.442 0.451 0.882
HEB 0.619 0.745 0.787 0.823 0.694 0.476
SDM 0.554 0.704 0.606 0.806 0.645 0.583 0.688
Note: SJN refers to subjective norms, PBC refers to perceived behaviour control, PMN refers to personal moral
norms, PBH refers to past behaviour, HEB refers to hotel energy-saving behaviour, and SDM refers to self-
determined motivation.
4.3. Hypotheses Testing and Structural Modelling
The structural model was assessed for its collinearity issues, coefficient of determi-
nation (R2), predictive relevance (Q2), effect value (f2), and whether the relationship of
the indicators was significant to the structural model. The Variance Inflation Factor (VIF)
was employed to evaluate the collinearity statistics, with values suggested to be above
0.20 and 5 [83]. The R2 value was used to explain the predictive accuracy of the variables,
and a value above 0.2 was considered highly accurate [84]. The construct cross-validated
redundancy measured the predictive relevance of the variables, and a Q2 value above 0
indicated acceptable relevance [85]. The effect of a latent predictor was suggested to use the
included and excluded R2 values of the structural model and adopt the formula f2 = (R2incl
− R2excl)/(1 − R2incl) for calculation [86]. The small, medium, and large effect sizes used
the values of 0.02, 0.15, and 0.35 as bounds, respectively [86].
Table 4 shows the results of the collinearity assessment. The VIF value of the constructs
of the model was between 1.058 and 1.653, which indicates that the structure had no
collinearity issues.
The results of the coefficient of determination (R2) and predictive relevance (Q2) of
the three models and f2 of the two extended models are presented in Table 5. The results
indicate that all the R2 and Q2 values met the accuracy requirement, and the R2 increased
from 0.419 to 0.545 and 0.553 from the TPB model to the other two extended models,
respectively. The value of Q2 remained at 0.221 for the TPB model and extended model I
and grew to 0.263 for extended model II. Thus, the explanation of the three models showed
an upward trend from the TPB model to extended model II. The effect value (f2) for the
path to hotel energy-efficient intention and behaviour in extended model I were 0.277 and
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0.000, respectively, which indicated a medium and lack of effect, respectively. The value
of the effect (f2) of the hotel energy-efficient intention and behaviour in extended model
II rose to 0.300 and 0.057, respectively, which revealed a medium-to-large effect and a
small effect, respectively, after adding additional paths. Table 5 presents the coefficient of
determination (R2) and predictive relevance (Q2) of the three models and the effect value
(f2) of the extended models.
Table 4. Collinearity assessment for the model.
Constructs VIF Constructs VIF Constructs VIF Constructs VIF Constructs VIF
ATT-1 1.332 PMN-1 1.159 SDM-1 1.339 INT-1 1.543 HEB-1 1.126
ATT-2 1.349 PMN-2 1.370 SDM-2 1.247 INT-2 1.593 HEB-2 1.094
ATT-3 1.372 PMN-3 1.290 SDM-3 1.222 INT-3 1.321 HEB-3 1.126
SJN-1 1.515 PBH-1 1.201 SDM-4 1.468 HEB-4 1.125
SJN-2 1.653 PBH-2 1.272 SDM-5 1.336
SJN-3 1.511 PBH-3 1.113
PBC-1 1.058
PBC-2 1.058
Note: ATT refers to attitude, SJN refers to subjective norms, PBC refers to perceived behaviour control, PMN refers to personal moral
norms, PBH refers to past behaviour, SDM refers to self-determined motivation, INT refers to intention, and HEB refers to hotel energy-
saving behaviour.
Table 5. The results of the coefficient of determination (R2), predictive relevance (Q2), and effect value (f2).
Latent
Variables
TPB Model Extended Model I Extended Model II
R Square Q2 R Square Q2 f2 R Square Q2 f2
Intention 0.419 0.267 0.545 0.347 0.277 0.553 0.353 0.300
Behavior 0.221 0.083 0.221 0.083 0.000 0.263 0.101 0.057
After reliability and validity testing, this study employed the bootstrapping method
with 5000 resamples to test the significance for structural modelling. The structural mod-
elling results of the three models are summarised in Table 6 and illustrated in Figures 4–6.
Table 6. Structural modelling analysis results.
Path Coefficients
TPB Model Extended Model I Extended Model II
β T Values Sig. β T Values Sig. β T Values Sig.
ATT -> Intention 0.326 6.662 *** 0.229 5.179 *** 0.220 5.198 ***
SJN -> Intention 0.135 2.928 0.003 ** 0.036 0.872 0.383 0.007 0.158 0.874
PBC -> Intention 0.356 9.074 *** 0.213 5.137 *** 0.204 5.101 ***
PBC -> Behaviour 0.183 4.074 *** 0.184 4.135 *** 0.144 3.330 0.001 **
Intention -> Behaviour 0.346 7.650 *** 0.346 7.661 *** 0.230 4.438 ***
PBH -> Intention 0.334 8.808 *** 0.308 8.064 ***
PMN -> Intention 0.215 5.625 *** 0.181 4.622 ***
SDM -> Intention 0.120 3.038 0.002 **
SDM -> Behaviour 0.259 5.444 ***
Note: (1) ATT refers to attitude, SJN refers to subjective norms, PBC refers to perceived behaviour control, PMN refers to personal
moral norms, PBH refers to past behaviour, SDM refers to self-determined motivation, INT refers to intention, and HEB refers to hotel
energy-saving behaviour. (2) *** p < 0.001; ** p < 0.001.
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The TPB model (Figure 4) included three attributes of the original TPB model. The
coefficient of determination explained 41.9% of the variance in intention to perform hotel
energy-conservation behaviour and 22.1% of the employed hotel energy-saving behaviour.
In Figure 4, the results of the analysis present that all TPB attributes influenced the hotel
energy conservation intention. Among the three TPB attributes, PBC (β = 0.356, p < 0.001)
had the greatest eff ct on hotel e ergy conservation intention. Additionally, attitude
(β = 0.326, p < 0.001) was the second-greatest influence on customers’ energy conservation
intention. However, the relationship between subjective norms (β = 0.135, p = 0.003) and
intention was very small. The results suggest that intention (β = 0.346, p < 0.001) had a
high positive correlation with hotel energy-saving behaviours. At the same time, a smaller
correlation b tween PBC (β = 0.183, p < 0.001) and hotel n rgy-conservation behaviour
was presented.
Extended model I (Figure 5) included two additional attributes: personal moral
norms and past behaviour. The explanation of the intention increased to 54.5%, and the
explanation of behaviour remained the same at 22.1%. The analysis results reported that
past behaviour (β = 0.334, p < 0.001) had the strongest impact on hotel energy conservation
intention. As a second influencing factor, attitude (β = 0.229, p < 0.001) positively influenced
customers’ energy conservation intention. Figure 5 shows that personal moral norms
(β = 0.215, p < 0.001) and PBC (β = 0.213, p < 0.001) had a strong influence on hotel energy
conservation intention. On the contrary, subjective norms (β = 0.036, p = 0.396) were not
statistically significant to hotel energy conservation intention. The relationship between
PBC (β = 0.184, p < 0.001) nd hotel energy-saving be av our was similar to that of the
conventional TPB model (β = 0.346, p < 0.001).
Extended model II further considered self-determined motivation as an attribute.
The SEM analysis results of extended model II are illustrated in Figure 6. The extended
model explained 55.3% of the variance in intention, and the explanation of hotel energy-
conservation behaviour os from 22.1% to 26.3%. Table 6 reveals that past behaviour
Buildings 2021, 11, 401 13 of 18
(β = 0.308, p < 0.001) produced the greatest effect on hotel energy conservation intention.
In extended model II, attitude (β = 0.220, p < 0.001), PBC (β = 0.204, p < 0.001), personal
moral norms (β = 0.181, p < 0.001), and self-determined motivation (β = 0.120, p = 0.002)
significantly and positively related to respondents’ hotel energy-efficient intentions. Self-
determined motivation (β = 0.259, p < 0.001) had a greater impact on hotel energy-saving
behaviour than intention (β = 0.230, p < 0.001) and PBC (β = 0.144, p = 0.001).
5. Discussion
This research employed the TPB and two extended models to explain the energy-
saving behaviours of hotel guests. The analysis suggests that the conventional TPB model
could explain hotel energy-saving behavioural patterns well. All three TPB factors showed
significant influence on the energy-saving intentions of hotel guests. However, extended
model I illustrated an enhanced explanatory power of hotel energy-saving intention by
employing two additional psychological variables (i.e., moral norms and past behaviour).
Extended model II further improved the explanatory powers of both hotel energy-saving
intention and behaviour by considering self-determined motivation.
It is worth noting that the statistical correlations between the subjective norms and
hotel energy-saving intention became significant in both extended models. There are two
potential explanations. First, hotels provide a more private environment than a home or
office. In hotels, guests are less disturbed by families or colleagues. Therefore, guests’
attitudes and behaviour controls, instead of pressure from families, friends, or the public,
play a more important role in their energy-saving intentions. Previous studies have found
similar effects in homes (e.g., [87]), offices (e.g., [57]), and campuses (e.g., [88]). The
temporary nature of the hotel stay may further reduce the impact of subjective norms.
Second, the socio-economic backgrounds of the respondents may provide another possible
explanation. The average age of the respondents was younger than (and their average
education and income levels were higher than) the local demographic characteristics.
This means that they were more exposed to environmental knowledge in compulsory
education and internet propaganda. At the same time, previous research suggests that
more educated and younger people are more likely to rely on rational thinking when
making decisions [57,89], which might have caused the insignificant impact of subjective
norms on the guests’ willingness to save energy in hotels.
Consistent with previous studies on pro-environmental behaviour (e.g., [26,64]), our
analysis also shows the important role played by past behaviour in hotel energy-saving
behaviour. The individual’s previous actions and experiences often have an impact on
subsequent choices and behaviours. Some past behaviours have the potential to be trans-
formed into habits and also produce emotional traces that affect individual choices [60].
This finding has important policy significance; the significant impact of past behaviour
should be considered to promote hotel energy conservation. Therefore, hotels or the gov-
ernment may consider encouraging energy-saving behaviours by providing subsidies to
guests who engage in energy-saving behaviours at an early stage. The changes in energy
consumption behavioural pattens may have a long-term positive impact on the sustainable
development of the hotel industry.
Extended model II evidenced that both the energy-efficient intentions and behaviours
of hotel guests were significantly associated with self-determined motivation. These
findings are consistent with previous behavioural research (e.g., [67,72]), which suggests
the meeting of individuals’ basic psychological needs for autonomy and their motivation.
It is worth noting that the influence of self-determined motivation on hotel energy-saving
behaviour transcends that of intention and PBC, which further highlights the role of self-
motivation and self-efficacy in hotel energy conservation. Therefore, the hotel industry and
the government might explore hotel energy-saving strategies based on autonomous motives
by paying attention to the social structural environmental factors and the characteristics of
hotel consumers.
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In line with most of the existing pro-environment studies (e.g., [90,91]), this research
also observed the important roles of attitude, behaviour control, and personal moral norms
in hotel energy-saving behavioural patterns. Among them, behaviour control presented a
stronger impact on the energy-saving intention of hotel guests. The hospitality industry
can promote hotel energy conservation by increasing energy-saving convenience and
reducing the perceived behavioural difficulty. For example, some commonly used low-cost
interventions in home and office energy-saving schemes (e.g., energy labels [92] and energy-
saving tips [93]) can also be applied in hotel energy conservation as well. However, there
might be obstacles to applying some special energy-saving interventions in hotel buildings.
First, hotel stays are generally much shorter in their time periods than in situations with
homes and offices. This unique nature makes it difficult to enhance guests’ environmental
attitudes and personal norms through environmental education. Second, compared with
household residents and employees, hotel guests are less manageable and tend to provide
less personal information. Therefore, there is still some difficulty in determining the energy
consumption baseline of each guest and providing customised energy-saving interventions
in hotel operations.
The authors acknowledge that this study has a few limitations. First, the energy-saving
behavioural performance of hotel guests came from self-reported data rather than objective
observations. There were many factors potentially affecting the subjective evaluation
process of their behaviours, and social desirability bias may have existed. Therefore,
further studies would benefit from real-time energy-saving behaviour records and objective
evaluations. The rapid development of sensors, smart meters, and the internet of things
(IoT) make it possible to record hotel guests’ electricity and energy consumption behaviour.
However, it is worth noting that hotel guests’ privacy and data security must be considered
more carefully in the collection of actual behaviours. Second, only surveying hotels in the
urban area of Shanghai limited the generality of the findings. Although Shanghai shares
common characteristics with many cities and regions, there are also differences in cultural
and demographic characteristics among the cities and areas. Therefore, the results of this
study may only be valid in certain situations and not applicable to other situations. In
future studies, researchers can consider obtaining data from multiple regions and countries.
6. Conclusions
This study employed the TPB and two extended models to examine the driving
factors of the energy-efficient intentions and behaviours of hotel guests. This research
extended the TPB model by adding personal norms, past behaviour, and self-determined
motivation. We first found that all three TPB factors could predict hotel energy efficiency
intentions. However, the statistical link between subjective norms and intention became
weak and insignificant in the extended models. The researchers observed a significant
enhanced explanatory power after employing the three additional variables. Significantly,
the analysis suggests that past behaviour replaces attitude to be the most critical predictor
of hotel energy-saving intention, and self-determined motivation also presents a stronger
correlation to hotel energy-saving behaviour than behaviour control and intention. The
analysis suggests that some widely used interventions in family and office energy-saving
schemes (e.g., energy-saving tips, a normative setting, and energy saving bonds) can be
employed in hotel buildings as well. This study further emphasises the long-term benefit
of encouraging hotel guests’ pro-environmental behaviours and highlights the role of
self-determination in hotels’ sustainable operation and energy conservation. The findings
would contribute to understanding the driving factors and psychological patterns of hotel
energy-saving intentions and behaviours. These works are critical to the formulation of
energy-saving policies and interventions, as well as occupant typology studies for hotel
building energy simulation and modelling.
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